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COLORANT- INDEPENDENT COLOR BALANCING METHODS AND SYSTEMS 
Field of the Invention _ 

The current invention is generally related to 
correcting a color image output, and more particularly 
5 related to a method of and a system for color balancing each 
of color components of a color output independent of the 
colorant such as toner and ink. 

BACKGROUND OF THE INVENTION 

10 : Iii orde* to butpiit" a color image on an image -carrying 

medium such as a sheet of paper, color- rendering material or 
colorant such as toner or ink is generally applied onto the 
image -carrying medium such as a white image -carrying medium. 
For a human to perceive the rendered color image, light must 

15 be shined towards the image carrying-medium. Since more 
light is absorbed by the applied colorant than the white 
image-carrying medium, the light reflected from the applied 
colorant is perceived as a color. Because of this absorbing 
nature, the above color-rendering process is known as a 

20 "subtract , * and subtractive primary colors include cyan (C) , 
magenta (M) , yellow (Y) and black (K) . For example, using 
color toner, a particular mixture of four substantially 
distinct primary color toner (i*e., CMYK toner) renders a 
desired color. In contrast to the above described 

25 subtractive system, the additive primary colors such as red 
(R) , green (G) and blue (B) are used to generate an image 
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while generating light such as, a television screen or cathode 
ray tube (CRT) . 

To duplicate a color image, the color image is 
generally scanned into RGB data via an input device and • 
5 converted into CMYK data for an output- device ... For example, 
color' copiers have an input device such as a scanner for 
scanning a color image before reproducing the color image on 
an image -carrying medium via an output device such as a 
printer. To convert the RGB scanned data into the CMY data, 
10 the scanner must be calibrated to produce R « G « B * 1 for a 
standard white color and R « G « B « 0 for a standard black 
color. In addition, the scanner must be also balanced for 
any achromatic gray input to, generate R « G * B. Under the 
above described conditions, the RGB data is converted to the 
15 CMY data based upon the following relations: 
1 ~ R « Cp . ... . d) - 
1 ~. G « Mp • . . • (2)- r ■ . 

where Cp, Mp and Y p are respectively ideal pure cyan, magenta 
20 and yellow toner. ^As ^briefly noted above?, the CMYK data has 
four separate values including; a C value, a M value* a Y 
value and a K value for each pixel in . the output image. 
Although the four separate values respectively specify an 
intensity or an amount of colorant -for each pure primary 
25 color to achieve a desirable color on an image -carrying 

medium, the precise mixture of the primary colorant is more 
complicated than these CMYK values indicate for the following 
'''reasons.' ^' ■ 

Each primary colorant is not generally pure, and 
30 includes other primary colorants* For ! example^ referring to 
FIGURE 1, cyan toner includes not only cyan color component 
: but also some Magenta and yellow color, componet ; The X axis 
: indicates an output intensity level which specifies the 
-■"'amount of the 'cyan toner to^be output ted from an output 
3 5 device to an image -carrying medium. The . output intensity 

level is also known as a printer command intensity value for 
a particular primary color. The Y axis indicates a measured 
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separate CMY color component levels of the outputted cyan 
toner which is measured by an input device such as a scanner* 
The composition of the CMY primary colors varies over the 
output intensity range. In other words ; referring to FIGURE 
5 2, the composition bf the cyan toner is shown over the same 
intensity value range when the cyan component of the cyan 
toner is used as a standard value of 1. The yellow and 
magenta components of the cyan toner is expressed with 
respect to the above standard value* 

10 Referring to FIGURE 3, the composition of magenta 

toner is illustrated in a similar fashion as the cyan toner* 
Magenta toner includes not only? magenta- toner but also yellow 
color component as well as:, cyan color component # and the 
composition of the CMY primary toner varies over the output 

15 intensity range* Referring to : FIGURE 4, the composition of 
yellow toner is illustrated in a similar fashion as. other 
primary color toner. Although the yellow toner is 
substantially more pure than magenta and cyan toner, it still 
includes some magenta and cy&n, and tjhe composition of CMY 

20* toner also varies over it he output intensity range . 

■ Referring t6 FIGURE in -order tp render a desirable 
: color, the above described CMY; toner are superimposed. The 

colorant composition of the above described superimposed CMY 
v-t drier alfio viaries over an intensity range. Because each of 

25 the CMY toiler is impure, the combined composition ratio of 
the superimposed or mixed CMY toner is , not substantially 
identical among the three colorant, components . Furthermore , 

i^-i'thfe- degree of> the above described impurity of toner varies 
among manufacturers, toner products and even lots within the 

30 same product, — Lastly, the relative composition of the toner 
may be unstable over an extended, period. >? 

The above described factors maker it diff iculty to 
duplicate a consistently faithful color image us irig the 
colorknt such as CMYK toner.- -To render a faithful color 

35 image, prior -art attempt & include various ways to manually 
" r adjustthe CMYK intensity values based upon the observations 
of output : images : These prior attempts using manual 



adjustments are disclosed in the following U.S. Patents: 
4 , 500 ,919 for adjusting a color development system using a 
CRT; 4 , 590,515 for increasing black toner in proportion to a 
reduced amount of CMY ink; 4,841,360 for adjusting based upon 
5 an image -carrying medium; and 4,845,550 for using six color 
signals to adjust coefficients for performing a color 
correction. The above prior attempts are generally imprecise 
and require operators some special training in color 
adjustments. Because of the above described non-uniform 
10 toner characteristics, even the experienced operators are not 
able to fully correct the problems. 

To correct the color output in a : more systematic and 
precise manner, other prior attempts include automatic 
adjustments. Japanese Patent 4-277974 discloses a method and 
15 a system for automatically adjusting the magenta value and 
the yellow value for the corresponding cyan value based upon 
the xxke of the gray scale. 'Furthermore, Japanese Patent 2- 
76760 also discloses a method and a system for automatically 
adjusting the output CMYK values based the input values of a 
20 predetermined gray scale chart which have been printed by am 
output^ device anci read by an input device of the systein to be 
adjusted. " ' A ' - a ' ' *' r --~ \ ^ - ■ - 

Despite these efforts, none of the above described 
prior art addresses the problems associated with the impure 
25 primary colorant in color balancing. Iii bther words, the 
above described prior art assumes that the colorant is * 
substantially pure and color outputs ^re not affected by the 
impure nature of the colorant ♦ Furthermore , because the 
colorant has the above described non-uniform composition over 
30 the intensity range, prior art does not effectively correct 
the color output intensity values for specifying a mixture of 
the CMYK rendering material. \ ' - 



SUMMARY OF THE INVENTION 

To solve the above and other problems, according to 
one aspect of the current invention,, a preferred method of 
5 color balancing a color image output on an image -carrying 
medium, the color image output being generated by colorants 
each respectively rendering a predetermined primary color, at 
least a first colorant being placed over a second colorant on 
the image -cararying medium, each of the colorants being a 

10 mixture of the colorants, includes the steps of: a) 

approximating a standard gray scale value for one of the 
colorants based upon a predetermined inverse function at a 
specified intensity, said one of the colorants being defined 
. as a standard colorant; b) determining a masking factor of 

15 said standard colorant for each of other colorants, said 
masking factor indicating an amount of masking by said 
standard colorant . which effects said other colorants located 
beneath said standard , colorant in the cqlor JLmage output on 
. the imagre -carrying .medium; and p) determining a, gray scale 

20.. correction factor for,, each of, said other colorants based upon 
said corresponding masking factor and said approximated gray 
-scale value, , said gray scale correction factor indicating an 
amount , for adjusting each of said. other colorants so as to 
converge on said standard gray scale value whereby the polor 

25; .image output is color balanced at said specified value. 

According to a second aspect of, the current invention, 
.* a .method of manually color balancing a color image output of 
an image ^duplicating device, the color, image output being 
generated by colorants each respectively rendering a 

30 predetermined^ color, at least a first colorant being placed 
over a second colorant on an image -carrying medium, each of 
the colorants being a mixture of the colorants, includes the 
steps of: a) selecting a color balancing mode to cause the 
image -duplicating device to generate on the image -carrying 

35 medium a predetermined test pattern output which includes an 
orientation mark for indicating a predetermined orientation 
of said predetermined test pattern output; b) placing said 
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predetermined test pattern output on a predetermined image 
scanning surface according to said orientation mark; and c) 
activating an automatic color, balancing process, wherein said 
automatic color balancing process color balances the 
5 colorants on the image -carrying medium. 

According to a third aspect of the current invention, 
a method of automatically color balancing a color image 
output of an image -duplicating device, the color output being 
generated by colorants each respectively rendering a 

10 predetermined primary color, at least, a first colorant being 
placed over a second colorant on an image -carrying medium, 
each of the colorants being a. mixture of the colorants, 
includes the steps of : a) automatically activating a color 
balancing mode to cause the image -duplicating device to 

15 generate a predetermined test pattern output on the image- 
carrying medium; b) scanning said predetermined test pattern 
output on the image -carrying medium inside the image- 
duplicating device prior to dispensing the image -carrying 
. medium, said step b) generating a scanned test pattern 
f 20 signal; and c) performing a color balancing process on the 
colorants based upon said scanned test pattern signal. 

According to a fourth aspect of the current invention, 
a system for color balancing a color image output on an 
image -carrying medium, the color image output being generated 

25, by colorants each respectively rendering a predetermined 

primary color, at least a first colorant being placed over a 
second colorant on the image -carrying medium, .each of the 
colorants being a mixture of the colorants, includes: a 
standard gray scale value approximating unit for 

30 approximating a standard gray scale value for one of the 
colorants based upon a predetermined inverse function at a 
specified intensity, said one of the colorants being defined 
as a standard primary colorant; a masking, value determining 
unit for determining a masking factor of said standard 

35 colorant for each of .said other colorants, said masking 
factor indicating an amount of masking by said . standard 
colorant which effects said other colorants located beneath 
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said standard colorant in the color image output on the 
image -carrying medium; and a correction factor determining 
unit for determining a gray scale correction factor for each 
of said other colorants Based upon said masking factor and 
5 said approximated gray scale value for color balancing said 
other primary colorants, said gray scale correction factor 
indicating an amount for adjusting each of said other 
1 colorants so as to converge on said standard gray scale valUe 
whereby the color image output is color balanced at said 

10 specified value. 

According to a fifth aspect of the current invention, 
a system for manually color balancing a color image output of 
an image -duplicating device, the color image output being 
generated by colorants each respectively rendering a 

15 predetermined primary color, at least a first colorant being 
placed over a second' primary 'colorant on ari image -carrying 
medium, each of the colorants being a mixture of the 
colorants, includes: a manual mode switch for selecting a 
color balancing mode; a test pattern generating unit 

20 connected to said' mode 4 switch for generating on tfre image- 
carrying fciedium* a predetermined test pattern output which 
includes an 1 orientation mark fbr indicating a "predetermined 
orientatioriy an image'sdanning surface for scanning said 
predetermined test pattern output according to said 

25 predetermined orientation as indicated by" said orientation 
J mark; a color balance activation switch for activating an 
* automatic coibr balancing process; and 
a color balancing unit connected tb said color balance 
'activation switch for color balancing the colorants on the 

30 image -carrying mediuihY < — v 

* According to a sixth aspect of the 'current invention, 

a system for automatically color balancing a color image 
output of an image-duplicating device, the color image output 
" being generated! by colorants each 1 respectively rendering a 

35 predetermined primary color, at least a ; first coloirant being 
placed over a second colorant on an image -carrying medium, 
each of the primary colorants being a mixture of the 
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colorants, including: an off color balance detection unit for 
automatically detecting an off color balance status and for 
activating a color balancing mode; a test pattern generating 
unit connected to said off color balance detection unit for 
5 generating a predetermined test pattern output on the image - 
carrying medium; a first scanner for scanning said 
predetermined test pattern output on the image -carrying 
medium inside the image -duplicating device prior to 
dispensing the image -carrying medium, said first scanner 

10 generating a scanned test pattern signal; and a color 

balancing unit connected to said first scanner for performing 
a color balancing process on the colorants based upon said 
scanned test pattern signal. 

These and various other advantages and features of 

15 novelty which characterize the; invention are pointed out with 
particularity in the -claims annexed hereto and forming a part 
hereof . However, for a better understanding cf the 
invention, ^ its advantages, and the objects obtained by its 
use, reference should be made to the drawings which form a 

20 further part hereof; arid to the accompanying descriptive 
matter; in which there" is illustrated and described a 
preferred embodiment of the invention. 

BRIEF DESC RIPTION OF THE DRAWINGS 

FIGURE 1 is a graph illustrating the composition ratio 
25 of colorants for the cyan toner over an intensity range. 

FIGURE 2 is a graph illustrating the composition ratio 
of colorants for the magenta toner over an intensity range. 

FIGURE 3 is a graph illustrating the composition ratio 
of the cyan, magenta and yellow toner over an intensity range 
30 when the cyan toner is used as a standard level. 

1. FIGURE 4 is a graph illustrating the composition ratio 

of colorants for the yellow toner over an intensity range. 

FIGURE 5 is a graph illustrating the composition ratio 
of the cyan, magenta and yellow toner superimposed on each 
35 other over an intensity r£nge . j; 
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FIGURE 6 is a block diagram for illustrating one 
embodiment of the colorant -independent color balancing system 
according to the current invention. 

FIGURE 7 is a block diagram for illustrating a second 
5 embodiment: of the colorant -independent color balancing system 
according to the current invention • 

FIGURE 8 is a block diagram for illustrating an 
alternative embodiment of the colorant -independent color 
balancing system according? to the current invention. 
10 FIGURE 9 is a block diagram for illustrating some 

detail input /output components of an image processing unit of 
the colorant -independent color balancing system according to 
the current invention. 

FIGURES 1 OA and 10B respectively illustrate two 
15 embodiments of a test pattern output including orientation 
marks according to the current invention. t 

FIGURES 11 illustrates another embodiment of the test 
pattern output including the orientation marks according to 
the current: invention. ■> r > />•; . ; y . = - - * 

20 FIGURE 12 is a flow , chart for r illustxat ing : steps for 

perf orming the : overall ^ ;cplpr^nt- independent color balancing 
process according to the current invention. f ; 

FIGURES 13A and 13B respectively illustrate how the 
test pattern output . placed at : a certain orientation and 
25 distance on an image* image scanning surface is correlated to 
Storage locations . ;c r. : 

FIGURE 14 is a f low chaart for illustrating detailed 
steps of the cplprant -independent color balancing process 
u^,^ according ^to the^ciirrent ^ 

30 ^FIlGURE 15 illustrates how Modified fiezier curves may 

be used. • v : , - . . * : . •« v ^ ; . - x t - . . 

DETAIIJ5D DESCRIPTION OF THE PREFERRED EMBODIMENT IS) 

35 • Referring now to the drawings, wherein like reference 

numerals ; designate corresponding structure throughout the 
views, and referring in particular to FIGURE 6,^ one preferred 
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embodiment of the colorant -independent color balancing system 
is illustrated. During a normal copying operation, a mode 
switch 3 05 in an image processing unit 310 is selected to a 
normal duplication mode and contacts a terminal "a." In 
5 general, the image processing unit 310 processes an original 
image which is inputted by an image scanner 300 in order to 
output a duplicated image by a printer 320 in the following 
manner. The image scanner 300 scans the original image and 
converts into a RGB signal. The converted RGB signal 

10 undergoes a gamma correction in a scanner gamma correction 

unit 301 to adjust the gray scale balance. A conversion unit 
3 02 converts the gray scale balanced RGB signal into a CMY 
signal, and a. printer gamma correction unit 303 adjusts the 
gray scale balance of the CMY signal. Subsequently, a tone 

15 or gradation gamma correction unit 304 adjusts certain tonal 
aspect of the CMY signal, but the adjustment by the tonal 
gamma correction unit 304 is not limited to the tonal 
adjustment. Lastly, a dithering process unit 306 outputs a 
printer command signal based upon a predetermined dither 

20 table which gonverts th^ CMY signal into the printer command 
signal for driving the printer 320. The dithering process 
unit 306 is not necessary to practice the current invention* 
In addition, both the RGB and CMY signals are available via a 
predetermined interface to the image processing unit 310 as 

25 indicated by the corresponding arrow. 

The calculation processing unit 330 dynamically sets 
parameters for the above described processing units based 
upon the output characteristics of a printer 320 and the 
scanner 300. For example, the calculation processing unit 

30 330 dynamically sets a desirable dynamic range of the CMY 
value for each colorant prior to the conversion of, the RGB 
signal into the CMY signal, and the conversion unit 302 
converts the gray scale balanced RGB signal into a CMY signal 
within the dynamic range. In determining the dynamic range, 

35 the saturated* CMY values are avoided, but a unsaturated CMY 
range is .maximally used. . - . • - j 
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Still referring to FIGURE 6, in contrast to the above * 
described normal duplicating operation, during a color- 
balancing mode, the mode switch 305 in the image processing 
unit 310 is to be selected to a color-balancing mode. When 
5 the mode switch 305 contacts a terminal B b, n a color patch or 
test pattern output unit 340 is activated to cause the 
printer 320 to generate a test pattern output or color patch 
100. After the test color patch 100 is outputted, an 
operator manually places the generated test pattern output 
10 100 onto an image scanning surface of the image scanner 300 
at a substantially predetermined position and at a 
substantially predetermined angle. The image scanner 300 
scans the test pattern output 100 and inputs the scanned RGB 
signal into the image processing unit 310. The activated 
15 color patch pattern output unit 34 0 also sends a 

predetermined parameter signal to the calculation processing 
unit 330 so that certain components of the image processing 
unit 310 receive certain predetermined parameters for 
processing the scanned RGB signal of the known test pattern 
20 output 100. The parameter signal "includes parameters such as 
v a toner intensity value and a grray scale' correctioh factor 
for each of the (MY "toner outputted on "the test pattern 
output ibb. The image processing unit 310 processes the 
test pattern output 100 during "the color balancing process 
25 based upon the above parameter signals so as to adjust the 
correction characteristics of certain correction units such 
as the conversion unit 302 , the printer gamma correction unit 
303 , and the tdne gamma correctioh unit 304. 

In addition, the test pattern output unit 340 is 
30 connected to a display "unit 496. Although it is not shown in 
FIGURE 6, upon receiving a ^condition signal for commencing a 
color balancing process, the test pattern output unit 340 not 
only causes a pr inter 320 to print the test pattern output 
100, but also controls the display unit 496 for displaying 
35 information on the color balancing process to an operator. 
Information initially indicates that the color balancing 
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process needs to be run and subsequently displays a step-by- 
step instruction to complete the color balancing process . 

Referring to FIGURE 7, a second preferred embodiment 
of the colorant -independent color balancing system according 
5 to the current invention includes additional processing 

components in the processing un;t 910. In general, a filter 
unit 907 allows more flexible processing while a background 
removal /dark background generation unit allows a four- 
colorant process. Because of the above described additional 

10 component in the image processing unit 910, for example, a 
scanner gamma correction curve may be adjusted based upon K 
or black , toner portion of the output test pattern patch. 
Another additional component is a under col or /background 
color removal (UCR) and black /dark background generation (BG) 

15 unit 908 for preventing the black output intensity value from 
being reduced and also avoid . the use of unstable mixed color 
areas at a high output intensity value. For the under color 
removal, the least yaiue U among, the output intensity values 
t Cp, Mp ; and Y p as. shown in the equations , (1) t (3) is selected, 

20 .and a parameter n is also used., The value of the parameter n 
is empirically determined. After the under, color removal 
.. step, Cp - nU, Mp - nU and Y p nU will be color balanced. For 
• the BG process #i K « nU is used, but generally the black toner 
has its specific gamma correction curve. 

25 Still referring to FIGURE 7, a test pattern image- 

carrying medium transferring unit 497 transfers the test 
pattern output 100 in response to the test pattern, output 
unit 340 towards the image scantier 300 via a transfer path 
498 and places the test pattern output 100 on the image 

30 scanning surface . 7*iis automatic placement, arrangement 
substantially eliminates. misplacement of the test pattern 
output 100 which leads to inaccurate scanned data.^ According 
to an alternative embodiment, a mode switch 305 is 
automatically selected to activate the color-balancing , 

35 process when a predetermined number of duplications is made 
during a, normal duplication mode . , 
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Referring to FIGURE 8, a third preferred embodiment of 
the colorant -independent color balancing system according to 
the current invention includes a substantially identical 
image processing unit 510 to one in the above described first 
5 and second preferred eiiibodiments . The descriptions of the 
components 300 through 306, 32b and 330 are incorporated 
herein from those from FIGURE 6 arid not repeated here. The 
third preferred embodiment further includes a secbnd image 
scanner 499 in addition to a first image scanner 300. During 

10 a normal image duplicating mode, an original image 99 is 

scanned by the first image scanner 3 00 in order to duplicate 
the original image 99. In contrast, during the color 
balancing mode, the test pattern output 100 is scanned by the 
second" scanner 499 which is independent from the first image 

15 scanner 2*6o. The test pattern output 100 is placed on a 
second image scanning surface of the second image scanner 
499. To transport the test patteam output 100 to the second 
image scanning surface, a test pattern image -carrying medium 
transferring unit 497 transfers the test pattern 'oiitput 100 

20 towards the second image scanner 499 via a transfer path 498. 
After the second linage sdiahner 499 scatis the test pattern 
output 100, the scanned signai" is output ted to the image 
processing unit 510 for the purpose bf color balancing. 

A test pattern output unit 340 iri the third preferred 

25 embodiment is connected to the secbnd scanner 499, a display 
unit as well as the trkrisf erring iinit 497.' Although it is 
not shown "in FIGURE 8*/ upbh rebeivihg a conditibfi signal for 
commencing a cblbr w b"alah6ing process the test pattern output 
unit 34 0 not only causes a printer 320 to print the test 

30 pattern output 100 /'but also activates the transferring unit 
497 *ahii the second "scanner! in addition, the test pattern 
output unit 340 also controls a display unit 4 96 for 
'displaying inforrtiation'bn the color balancing process to an 
operator. ' , 

35 1 Still ireferbring to FIGURE 8 /"in comparisoii to an 

embodiment with a Single scanner, the third preferred 
embodiment with the tw'b image scanners 3 00 and 4 99 allows a 
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practical solution for automatically scanning the test 
pattern output without an operator intervention. For 
example , a second image scanner is located near an output 
path 498 of a printer 320, and in response to the test 
5 pattern output unit 340, the test pattern image -carrying 

medium transferring unit 497 automatically transfers the test 
pattern output 100 over a. short distance in the transfer path 
498 and accurately places the test pattern output 100 on the 
second image scanning surface. As a result, the placement 

10 errors are substantially eliminated, and the second image 
scanner generates accurate data to be used by the image 
processing unit 510 for color balancing. , On the other hand, 
since the two separate image scanners are used, the input 
characteristics of the two image scanners have to be 

15 calibrated* : „ 

Referring to FIGURE 9, some additional input and output 
components of T ah image -processing unit of the current 
invention are: illustrated. A scanner is connected to other 
components by, a bus. 420 via a scanner interface (I/F) unit 

20 4 01., A printer 320 is also, connected to other components by 
the bus 420 via a printer interf ace. (I/F) unit 406 . Other 
peripherals such as a. keyboard or a display 430 is connected 
to other components , by r the bus 420 via a peripheral interface 
(I/F) unit, 405. An image Jbuffer 402 temporarily, stores 

25 scanned image data from an original image including a test 
pattern patch. To efficiently convert the stored image data 
into colorant intensity data, the conversion is accomplished 
by a conversion table rather than calculation on the fly. 
The conversion table is generated based upon parameter values 

30 which satisfy the color balancing requirement. Furthermore, 
in order to accommodate multiple dithering, patterns, a ; 
plurality of conversion tables is also generated. In order 
to accommodate multiple , output modes, a plurality- of 
dithering tables 4 07. are prepared. A gamma correction table 

35j 408 stores certain correction data for the above described 

conversion based upon a gamma correction curve for correcting 
tonal as well as chromatic aspects of the: image data. A 
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parameter memory 4 09 stores parameter values used for the 
generation of the above described tables. A central 
processing unit (CPU) 4 04 is used to generate the above 
described tables while a isystem controller 410 is used to 
5 coordinate the activities of other components. 

Now referring to FIGURE 10A, one preferred embodiment 
of the test pattern output or color patch 100 according to 
the current invention has rows of patches for each colorant 
including cyan (C) , magenta (M) , yellow (Y) / black (K) and 

10 triple layered application (3K) of the CMY toner. Each 
numbered row (0 through n) of the patches is generated in 
response to predetermined output intensity levels such as 6, 
16, 32 , 48, 64, 96, 128 and 255 / In addition, the test 
pattern output 100 further includes at least an orientation 

15 mark such as an arrow to indicate a predetermined orientation * 
of the test pattern output 100 with respect to an image 
scanning surface of an image input device. The test pattern 
output 100 also includes a position marker such as a plus 
f ; sign to indicate a predetermined absolute position 5 with ' 

20 respect to the patches !• :( These ^ markers facilitate the 

bpierator to place the tfcst pattern output 100* on - thfe image 
scanning surface at / the pre&etermiried orientation and 

: position so as to generate al desirable scanned RGB signal. 
Now referring to FIGURE* 10B; a second preferred 

25 embodiment of the test pattern biitput or color patch 100 

according to the current invention has two sets, Type 1, 110 
and type- 2> ' 120 ; of the tfest patterns: Each set of the test 
^ patterns contaihs rows and columns of patches such as 

— described iti reference^ to FIGURE 10A. These' two sets of the 

30 patches" are 7 generated using separate sets of dithering 
- patteriis in outputtihg colorants onto an : image -carrying 

mediiim such ais a sheet ^ of paper, because of these multiple 
sets of dithering patterns, to precisely color balance the 

' output/ a cbloir balancing' procesfe should be repeated for each 

35 set bf dithering patters • Iri addition to the above described 
the orientaitlori : and position markers, the second preferred 
embodiment additionally includes a descriptive label 130 to 
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indicate to an operator a desirable side of the test pattern 
output to be placed on the image scanning surface . 

Referring to FIGURE 11, a third preferred embodiment 
of the test pattern output or color patch 300 according to 
5 the current invention is a variation of the above described 
second preferred embodiment. The first group of two sets 
Type 1, 310 and Type 2, 320 are duplicated on the other side 
of the sheet, and the second group of the two sets 330 and 
340 are reversed as in a mirror image. Because of this 

10 arrangement, either group of the test patches on the test 

pattern output 300 may be placed on an image scanning surface 
for the purpose of color balancing. However, the test 
pattern output 300 still needs to be placed at a 
predetermined position on the image scanning surface as 

15 indicated by the plus sign position markers 351-354 . The 

label 350 instructs tlie operator to face doWn this side and 
align one of the plus sighs 351-354 on the image scanning 
surface.. 

Referring to FIGURE 12, a preferred process of a 

20 colorant independent color-balancing method is shown in a 

flow chart according to the current invention. After a color 
patch or test pattern output is generated in the color 
balancing mode in a step 501/ the color patch dr test pattern 
output is placed on an image scanning surface in a step 502, 

25 The step 502 is accomplished by either manually placing the 
test pattern on the image scanning surface or automatically 
transferring and/or positioning the test pattern near a 
scanning unit. Then, the test pattern output is initially 
scanned for the purpose of ascertaining a predetermined 

30 position and/or orientation of the test pattern output with 
respect to the scanning unit in a step 503. 1 in a subsequent 
step 504, based upon the preliminary scaiining results, it is 
^determined whether the placement of the test pattern output 
is sufficiently correct. If the placethent is not acceptable, 

35 the steps 502 through 504 for the placement of the test 

pattern output is repeated until the placement i£ acceptable. 
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Still referring to FIGURE 12, once the placement is 
desirable in a step 504, a registration process determines a 
distance to an area to be scanned in the test pattern output 
in a step 505 so that a correlation is made between the 
5 scanned data and the address where the scanned data is 
stored- After the registratipn process , the test pattern 
patches are scanned, statistically processed and stored at 
the registered address in a step 506. Based upon the 
statistical data from the step 506, it is determined whether 
10 the scanned patch data is within a predetermined value range 
in a step 507. If the scanned data is within the 
predetermined range, a color-balancing according to the 
current invention is performed on the scanned data in a step 
508. On the other hand, if the scanned data is outside the 
15 predetermined range, the color balancing process is not 

performed. Instead, a predetermined diagnostic process is 
performed on an output unit such as a printer. Based upon 
the diagnostic process, a step 510 determines whether the 
output unit performs according to the specification. If the 
20 output unit is not properly functioning, the color-balancing 
process is terminated. In contrast, if the step 510 
determines that the output iinit is properly functioning, the 
: color-balancing process is' repeated from the step 501. 

Now referring to FIGUIiE 13A, a relation between the 
25 scanned image data and the memory is conceptually 

^illustrated, ^n the above described registration step 505 of 
FIGURE 12, in order to correlate the storage address in a 
memory buffer and the scanned patch data, a misplacement 
; , ^ngle 0 is detepined bas^cl upon the position markers 141 and 
3 0, 142 with respect to a predetermined horizontal line. 

However, if one marker alone indicates the misplacement 
angle, there is no need to have tow markers. If the center 
_ PI of the position marker 141 is designated as a point (X 0 , 

Y 0 ) : , based upon the PI position and the misplacement angle 0, 
35 data representing a certain, patch is obtained at memory 
location addresses . , 
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Referring to FIGURE 13B, from a predetermined distance 
from the Pi position, a predetermined central portion of a 
patch is scanned. For example, a. distance xl in the 
horizontal direction and a distance yl in the vertical 
5 distance from the point PI specifies an upper left corner of 
the central portion bf the patch to be scanned, and the size 
of the central portion is specified by a x b where a is the 
width while b is the height. The scanned data is stored at 
the correlated memory location* 

10 Now referring to FIGURE 14, a flow chart illustrates 

detailed steps of the color balancing step 508 as shown in 
FIGURE 11 in accordance with the current invention. As 
already described, each of the colorants such as CMY toner is 
not pure and includes other toner colorants as shown in 

15 FIGURES 1 through 3. In order to color balance the 

sequentially applied CMY toner on the image -carrying medium, 
according to one preferred method of the current invention, 
the primary colors rendered by the CMY toner are gray 
balanced. Iri other words/ a* predetermined color image output 

20 or a test pattern having a substiaiitially gray is generated, 
and when this test pattern is inputted by an input device 
such as an image scanner, the RGB Values are adjusted to be 
substantially equal (i.e. R « G ** B) to be gray balanced. 
Similarly, the output intensity values specifying the output 

25 amount of each of the coloratnte are also adjusted so as to 
gray balance the measured CMY intensities (i.e., c » M = Y) . 
To accomplish the gray scale balance, in general/ the 
intensity values of colorants a*e respectively adjusted to 
meet the measured vkiue of one Selected fcolorarifcv 

30 To express the abbve described color balancing *- ' 

process, the matrix notation is used as follows: The output 
intensity value for outputting each colorant as a separate 
test patch on an image -cairrying medium^ is denoted by C, M and 
Y while the measured intensity value of each colorant on the 

35 image -carrying medium is denoted by Cp, ftp arid Y 9 l The 
composition ratio of each colorant at Cp, Mp arid Y p is 
respectively denoted by [c~; n^, y c ] for cyan toner, Ic*, n^, 
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yj for magenta toner, and [c y , m,,, y y ] for yellow toner. 
Based upon the above matrices, the following relation is 
true. 
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An inverse matrix allows to obtain, the output intensity 
5 values from the measured intensity values as follows: 
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In general , the color balancing according to the current 
invention is to obtain certain parameters or coefficients to 
allow the above, inverse matrix conversion. The above 
, described relation is true for the single color toner patch, 

10 , but -the triple/ .layered patches such as 3K's as shown in 
: >FIGJJIU& 10A require further prpcessing. ^ 

Still, referring to FIQURE 14, according to one 
preferred cpropes^s, the cyan is f defined as a, standard 
colonant . . This is , because the cyan outpjut generally has the 

15 least measured intensity value and it is technically easier 
tQ reduce the output tpner^mpunt of other colorants towards 
the least value within a .dynamic range. After a 
predetermined number of test .pattern patches has been 
scanned,, the scanned data - i s averaged in a step 1101. For a 

20 < cyan test pattern patches, in a step 1102, an inverse 

function is determined from its characteristic curve for the 
future use. - ; , .. 

. - : The CMY toner are sequentially applied in a 
predetermined, order ? For example, the yellow toner is 

25 applied first on an, image -carrying medium surface, and 

magenta is applied on top of yellow ;V Lastly , cyan is applied 
on top of magenta. In this example, the ( cyan toner partially 
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blocks light transmit tance to other toner. Because of this 
masking effect, for the M and Y colorants, masking factor 
coefficients a. and a y are determined in the step 1103 using 
the following equation: 



C c0 C m0 C y0 
m c0 m m0 m yC 
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5 where c 0 , m©- and y 0 respectively represent the measured 

intensity value of each colorant for the triple layered patch 
which, was output ted at the output intensity values of C 0 , M 0 
and Y 0 and the values of C 0 , M 0 and Y 0 are equal (i.e., C 0 « M 0 
« Y 0 ) • c c0 , mco and y c0 represent the measured intensity 

10 values of the cyan single patch which is generated at the 
above same output intensity value C 0 , M 0 and Y 0 . Similarly, 
c^, n^o and y.^ represent the measured intensity values of the 
magenta single patch which is generated at the; above same 
output intensity value C 0 , M 0 - and Y 0 . Lastly, Cyi, m^ and y^ 

15 represent the measured intensity values of the yellow single 
patch which is generated at the above same output intensity 
value C 0 , M 0 and Y 0 . h is a predetermined coefficient. 
Although the single patches are used to for the measured 
intensity values, for the [practical purposes, the same 

20 masking coefficients a. arid ky are used for the triple 
layered toner application. 

In a step 1104, based upon the above determined making 
factor coefficients a. and ay , the gray scale correction 
factors or the gray balance coefficients b a and b y are 

25 determined by as follows: 
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where g c , g. and g y have the ratio of 1:1:1. In other words, 
the gray scale correction factors b m and b y are the ratios of 
the true output intensity values in order to generate a gray 
balanced color which take the above described masking effect 
5 into account. 

Using the above determined gray balance coefficients b m 
and b y , the parameters for the conversion equations (4) and 
(5) are expressed as : follows: 
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Alternatively, the ^parameters may. be expressed in , the 
10 following two* step approach: : ; 
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Substituting the equation (10) into the equation (5) , the 
output intensity values C, M and Y are designated to be C , 
M' and Y' . \ NoW substituting ; the C' , M' and Y' values into 
the following: equation: , , .<" 
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According to a preferred embodiment , the above 
described steps 1103 and 1104 are repeated for every 
measurement as shown in a step 1105 . For example, the 
measurements include the output intensity values at 8, 16, 
5 32, 48, 64, 96, 128, 196 and 255. In other words, the 
^separate pairs of valiies for the gray scale correction 
■ factors b«. and b y are determined over an entire non-saturated 
range by repeating at a plurality of measurements. On the 
.other hand, according to an alternative process of the 
10 current-invention, only one representative measurement is 
taken at, the output ; intensity ; valiie such as 196, in, a non- 
saturated region, and the repetition step 1105 is. not 
necessary.. In the single measurement method, the same value 
of the gray scale correction factors. b tt and b y is used for 
15 the entire range. Although the preferred embodiment requires 
.-.a. larger, amount of data and processing, the preferred 

embodiment more accurately color balances. the colorants on 
the image -carrying medium than the above alternative 
embodiment. 

20 According to a second alternative embodiment of the 

current invention, a single set of the gray scale correction 
factors b B and b y is also used. The same gray scale 
correction f actors b B and b y are used in. the above equations 
c(4) and 05) over a range of the. output intensity, and a 

25 single set of the output intensity values C" , M" and Y" is 

obtained. Then, the output intensity values C w , M" and Y" are 
modified by a predetermined pair of variation coefficients {S m 
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and fi y over the output intensity range to obtain the 
corrected color balanced output intensity values C, M and Y 
as shown in the following equation. 
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The variation coefficients (3 m and fi y are 'determined based 
5 upon the assumption that only the gray scale correction 

factors b tt and b y charige over the output intensity range and 
the variation coefficients fi m and 0 y represent the ration in 
relation to the singife set of the originally obtained gray 
scale correction factors b B arid -by. - 

10 * : ' ' 1 Finally/ in a step llOfr, the : color balancing curves 

f or" the" magenta and yfellow tone t art obtained; As described 
above, the inverse function 6£ u th4 cyan tbhef characteristic 
curve is prepared in the step llb2- This ihverse function is 
now respectively multiplied' by the gray scale correction 

15 factors"^ and b y iti order to obtain a color balanced output 
intensity ctirve for the magenta toner and the yellow toner. 
Based upon the color balanced butput intensity curves, the 
color balanced output" intensity Valued 1 are now available to 
generate the color balanced image on the image -carrying 

20 medium. For the black toner output intensity values, the 
cyan "toner output' intensity' values are used. Although the 
color balanced curves are Wixbstantially linear for indicating 
the output intensity values./ for the purposes of fine tuning 
a specif ic area such" as ai highlight, middle arid shadow area, 

25 a predetermined Specific correction curve r is alternatively 
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One example of the specific curve includes a Modified 
Bezier (MB) curve as described in Japanese Patent Publication 
2-222264. The MB curve is generally expressed' by the 
following curve: 

MB(t)=P 0 (l-t) 3 * {cP r (c-3)P^ ll-t) 2 * 
* {dP 2 -id-3)p) (1-t) t 2 *P 3 t 3 ....(13) 

5 where P 0 is a starting point, P x is a first control point, P 3 
is a second control point , "and P 3 is ah ending point . c and 
d are a first and second control parameters. Referring to 
FIGURE 15, one exemplary set of the MB curves is illustrated. 
In general, as the value of the control parameters c and d 

±0 increases with the same set of control points r pj thorough P,, 
the MB curves have a large degree of curvature. In contrast, 
as the value" of the control parameters c and d decreases with 
the same set of control points P 0 thorough P,. the MB curves 
have a smaller degree of curvature.' in addition, the value 

15 of the control parameters c and d may be positive or negative 
to determine a particular direction and shape of a ! desired 

■'curve.'"' " " ""' 

It is to be understood, however, - that 'even though 

numerous characteristics and advantages' of the present 

20 invention have been set "forth in the foregoing description. 

together with details of the structure and function of the 

invention, the disclosure is illustrative only, and changes 

may be made in detail, especially in matters; of shape, size 

and arrangement of parts ", as well as 1 implementation in 

25 software, hardware," or a combination' of both within the 

"principles of the invention to the full extent indicated by 

the broad general meaning of the terms in which the appended 

claims are expressed. 
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WTOIT IS CLAIMED IS: 

1 . A method of color balancing a color image output 
on an image -carrying medium, the color image output being 
generated by colorants each respectively rendering a 
5 predetermined primary color, at least a first colorant being 
placed over a second colorant on the image -carrying medium, 
each of the colorants being a mixture of the colorants, 
comprising the steps of: 

a) approximating a standard gray scale value for one 
10 of the colorants based upon a predetermined inverse function 

at. a specified intensity, said, one of the colorants being 
defined as a standard colorant; 

b) determining a masking factor of said standard 
colorant for each of other colorants, said masking factor 

15 indicating an amount of masking by said standard colorant 
which effects said other colorants located beneath said 
standard: colorant- in the, ;Color im^ge output on the image - 
carrying medium; ^and 

c) determining' a gray- scale, qorr^c^ion factor for each 
.20 of said other colorants based upon said corresponding masking 

factor and said approximated gray scale value, said gray 
: . scale correction factor indicating an amount for adjusting 
each of said other colorants so as to converge on said 
standard gray scale value. whereby the color image output is 
25 color balanced at said specif ied; value. 

^ : c 2 * The method of color balancing a color image output 
on an image -carrying medium according to clatim 1 wherein said 
colorants include cyan .rendering material , magenta rendering 
material,, yellow rendering; material and black rendering 
30 material, V 

' • 'v ■ ' " J- . 

3 . The method of color balancing a color image output 
on an image -carrying medium according to claim 2 wherein said 
standard colorant is said cyan rendering material . 
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4. The method of color balancing a color image output 
on an image -carrying medium according to claim 3 wherein said 
colorants are ink. ' l - 

5. The method of color balancing a color image output 
on an image -carrying medium according to claim 3 wherein said 
colorants are toner. 

6 . The method of color balancing a color image output 
on an image -carrying medium according to claim 1 wherein said 
step a) further comprises additional steps 1 of: 

i) selecting one of the colorants; 

ii) specifying ian intensity value for outputting said 
selected colorant onto the image -carrying medium; and 

iii) measuring a color composition' of said outputted 
colorant at said intensity value, 

7. The method of colbr balancing a color image output 
on an image -carrying medium according to claim 6 wherein said 
steps i) through iii) are repeated for a range of intensity 
values and each of safid colorants. 

r 8. The method of color balancing a color image output 
0 ori an image- carrying medium according to claim € wherein said 
measured color composition is stored in a matrix form. 

9. A method of manually color balancing a color image 
output of an image -duplicating device, the color image output 
being generated by colorants each respectively rendering a 
5 predetermined color, at least a first colorant being placed 
over a second colorant oii an image -carrying medium ; each of 
the colorants being a mixture of the colorants, comprising 
the steps of: 

a) selecting a coldr lia lancing mode to cause the 
0 image -duplicating device tb generate on the image -carrying 
medium a "predetermined test pattern output which includes an 
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orientation mark for indicating a predetermined orientation 
of said predetermined test pattern output; 

b) placing said predetermined test pattern output on a 
predetermined image scanning surface according to said 
orientation mark; and 

c) activating an automatic color balancing process, 
wherein said automatic color balancing process color balances 
the colorants on the image -carrying medium. 

10. The method of manually color balancing a color 
image output of an image -duplicating device according to 
claim 9 further comprises an additional step d) prior to said 
step a), said step d) indicating an off color balance status. 

11. The method of manually color balancing a color 
image output of an image -duplicating device according to 
claim 10 wherein said step d) additionally includes a step e) 
of providing information on a color balancing procedure of 
the image -duplicating device, . , r 

12. The method of . manually color balancing a color 
image output of an image -duplicating device according to 
.claim 11 wherein said step e). shuts off the image -duplicating 
.device when r sai4 color balancing procedure is not performed. 

13 . The method of manually color balancing a color 
•image. output of ,an image -duplicating device according to 
.cLaim :9: wherein . said automat iq color balancing process 

5, further includes the following steps of; 

; i) approximating a standard gray scale value for one 
, of the cqlorants based upon a predetermined inverse function 
, at a specified intensity, ,?aid one of the colorants being 
defined as a standard colorant; 
0 ii) determining , a masking factor of said standard 

colorant for each of .other colorants, said masking factor 
indicating an amount . of masking by said standard colorant 
which effects said other colorants located beneath said 
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standard colorant in the color image output on the image- 
carrying medium; and 

* iii) determining a gray scale correction factor for 
each of said other colorants based upon said corresponding 
5 masking factor and said approximated gray scale value, said 
gray scale correction factor indicating an amount for 
adjusting each of said other colorants so as to converge on 
said standard gray scale value whereby the color image output 
is color balanced at said specified value. 

10 

14 . The method of manually color balancing a color 
image output of an image-duplicating device according to 
claim 9 wherein said step b) further comprising the following 
steps of : 

15 f) scanning said test pattern output; 

g) determining whether said test pattern output is 
placed , substantially at said predetermined orientation with 
respect to said image -scanning surface based upon said 
orientation mark; 
20 h) determining whether said orientation mark is placed 

substantially close to a predetermined location on said 
image -scanning surface; 

i) determining whether said test pattern output 
substantially conf orms with a predetermined range of output 
25 values; and 

j ) displaying a corresponding warning message based 
upon said steps g) , ,h) and i) . 

15. The method of manually color balancing a color 
image output of an image -duplicating device according to 

30 claim 14 further comprising a step k) of repositioning said 
test pattern output to correct inaccurate placement of the 
image - carrying me,dium on said image -scanning surface based 
upon said steps g) and h) . 

16. A method of automatically color balancing a color 
35 image output of an image-duplicating device, the color output 
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being generated by colorants each respectively rendering a 
predetermined primary color, at least a first colorant being 
placed over a second colorant on an image -carrying medium, 
each of the colorants being a mixture of the colorants, 
5 comprising the steps of: } 

a) automatically activating a color balancing mode to 
cause the image -duplicating device to generate a 
predetermined test pattern output on the image -carrying 
medium; 

10 b) scanning said predetermined test pattern output on 

the image -carrying medium inside the image-duplicating device 
prior to dispensing the image -carrying medium, said step b) 
generating a scanned test pattern signal; and 

c) performing a color balancing process on the 

15 colorants based upon said scanned test pattern signal. 

17. The method of automatically color balancing a 
color image output of an image-duplicating "device according 
to claim 16 further: comprising an additional step d) prior to 
said step a) '/'said step d) detecting an off color balance 

20 status. . ; t . 

18. The method of automatically color balancing a 
color image output of an image-duplicating device according 
to claim 17 further comprising additional steps d) and e) 
prior to said ste£ a) , said step d\ counting a number of the 

25 color image outputs, said "step e) comparing said number to a 
predetermined number so as to determine if said step a) is 
- performed. . " ; : 

19. The method of automatically color balancing a 
color image output of an image -duplicating device according 

30 to claim 16 wherein said step c) additionally includes a step 
f) of indicating that said color balancing process is 
currently being performed. . 
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20. The method of automatically color balancing a 
color image output of an image -duplicating device according 
to claim 19 wherein said step f) disables a normal 
duplicating operation of the image ^duplicating device during 

5 said color balancing process. 

21. The method of automatically color balancing a 
color image output of* an image -duplicating device according 
to claim 16 wherein said color balancing process further 
includes the following steps of: 

10 i) approximating a standard gray scale value for one 

of the colorants based upon a ? predetermined inverse function 
at a specified intensity; said one of the colorants being 
defined as a standard colorant; 

ii) determining a masking factor of said standard 

15 colorant for' each of other colorants, said masking factor 
indicating an amount of masking by said standard colorant 
r which effects said other- colorants located beneath said 
standard colorant in the color image output on the image - 
- carrying medium; and' • ^ - ■ ' ■ r • 

20 - iii) determining a gray scale, correction factor for 

each* of said other colorants* based upon said corresponding 
masking- factor and said approximated gray scale value, said 
£ray scale correction factor indicating axi amount for 
adjusting each of said other color ants so as to converge on 

25 said standard gray scale value whereby the- color image" output 
is color balanced at said ^specif ied value. 

22. The method of automatically color balancing a 
color image output of an image -duplicating device according 
to claim 16 'wherein said step bj further comprising the 
3D following steps of: 

g) determining whether' said test pattern output 
substantially conforms with a predetermined range of output 
values; and * ■ ' - . 

h) displaying a corresponding warning message based 
35 upon said step- g) 1 >; ' ^ 
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23. The method of automatically color balancing a 
color image output of an image -duplicating device according 
to claim 16 wherein said step b) further comprises an 
additional step i) of positioning said test pattern output at 
a predetermined scanning path at a predetermined orientation. 

24 . A system for color balancing a color image output 
on an image -carrying medium, £he color image output being 
generated by colorants each respectively rendering a 
predetermined primary color, at least a first colorant being 
placed over a second colorant on the image -carrying medium, 
each of, the colorants being a mixture of the colorants, 
comprising: 

a standard gray scale value approximating unit for 
approximating a standard gray scale value for one of the, 
colorants based :upon* a predetermined ■• inverse function at a 
specified intensity, said, one of the colorants being defined 
as a standard primary cplfiranti ; . / 

a masking value determining ,-unit for determining a: 
masking 'factor of f S ai4 ^t^ndar<| cPolq^ant for each of said 
other colorants, said masking -factor indicating an amount of 
masking by said standard colorant which effects said other 
colorants located beneath said standard colorant in the color 
image output: on the image -carrying medium; and 

*. : a 'correction^ factor determining unit for determining a 
gray scale correction factor for each of said other colorants 
based upon said masking factor and said approximated gray 
scale value for color, balancing paid ; other primary colorants r 
said gray scale correction factor indicating an amount for 
adjusting, each of , said others colorants so as to converge on 
said standard gray scale value whereby the color image output 
is color balanced at .said specified value . 

25. The system for color balancing a .color image 
output on an,; image -carrying medium according , to claim 24 
wherein said colorants include cyan rendering material,. 
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magenta rendering material, yellow rendering material and 
black rendering material. 

26. The system for color balancing a color image 
output on an image -carrying medium according to claim 25 
5 wherein said standard primary colorant is said cyan rendering 
material . 

27* The system for color balancing a color image 
output on an image -carrying medium according to claim 26 
wherein said primary colorants are ink. 

10 28 • The system for color balancing a color image 

output on an' image -carrying medium according to claim 26 
wherein said primary colorants are toner, 

"29. The system for color balancing a color image 
output on an image -carrying medium according to claim 24 
15 wherein said standard gray sckle value approximating unit 
performs the following steps of : 

x) selecting 6hi of the Colorants; 

ii) specifying kh intensity value ^indicative of an 
amount of said selected colorant to be outjputted onto the 

20 image- carrying medium; and *" u 

iii) measuring a color composition of said butputted 
colorant at said intensity. 

J " 30 • The system for "color balancing a' color image 

output on ah image -carrying medium according to claim 29 
25 wherein said a standard gray sdale value approximating unit 
repeats said steps i) through iii) for a rarige of intensity 
values and each of said coTbtkiits. " 

'*~"31. The system for color balancing a color image 
output on an image -carrying 'medium according to claim 29 
30 wherein said standard gray scale value approximating unit 
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stores , information on said measured color composition in a 
matrix form. 

32. A system for manually color balancing a color 
image output of ax\ image -duplicating device, the color image 
5 output being generated by colorants each respectively 

rendering a predetermined primary color, at least a first 
colorant being placed over a second primary colorant on an 
image -carrying medium, each of the colorants being a mixture 
of the colorants, comprising: 
10 a manual mode switch for selecting a color balancing 

mode ; 

a test pat tern generating unit connected to said mode 
, switch for. generating on the image -carrying medium a 
predetermined test pattern output which includes an 
15 orientation mark for indicating a predetermined orientation; 
an, image scanning surf ace for scanning said 
predetermined test pattern output according to said 
, predetermined orientation as indicated by said orientation 
mark; : r ,, *\. .. ; ..... , . ...... . 

20 a color balance, activation switch for activating an 

, (1 automatic color balancing prppess; and 

a color balancing .upit .connected to said color balance 
activation switch for colqr balancing the colorants, on the 
image -carrying medium. 

25 33. The system for manually color balancing a color 

image output of an image-duplicating device according to 

: r claim 32 further comprises, an. of f color balance detecting 
•unit for. detecting .an off color balance status and an off 
color balance indicator connected to said off color balance 

3 0 detecting unit for displaying said off color balance status. 

.34. The system for manually color balancing a color 
image output of an image -duplicating device according to 
claim 33 _ wherein said off polor balance detecting unit 
further includes a counter connected to said off color 
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balance detecting unit for counting a number of color image 
outputs duplicated by the image -duplicating device after said 
off. color balance status is detected; and a shut off unit 
connected to said counter and said color balance activation 
switch for shutting off the imager duplicating device when 
said predetermined number of the color image outputs is 
duplicated. 

f . . 

35. The system for manually color balancing a color 
image output of an image-duplicating device according to 
claim 32 wherein said color balancing unit further comprises: 

a standard gray scale value approximating unit for 
approximating a standard gray scale value for one of the 
colorants based upon a predetermined inverse function at a 
specified intensity, said one of the colorants being defined 
as a standard primary colorant; 
' a masking value determining unit for determining a 

masking factor of said standard colorant for each of said 
other colorants, said masking, factor indicating an amount of 
masking by said standard colorant which effects said other 
colorants located beneath said?. standard coloran^ in the color 
image output on the image -carrying medium; and . ■ 

a correction factor determining unit for determining a 
gray scale correction factor for each of said other colorants 
based upon said masking factor and ssaid approximated gray 
scale value for color balancing said other primary colorants, 
said gray scale correction factor indicating an amount for 
adjusting each of said other colorants so as to converge on 
said standard gray scale value whereby -the color image output 
•is color balanced at said specified value. , 

36. The system for manually color balancing a color 
image output of an image-duplicating device according to 
claim 35 wherein said color balancing unit further comprises: 

a scanner having an image -scanning surface for 
scanning said test pattern: output which , is manually placed on 
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said image -scanning surface, said scanner generating a 
scanned signal; f 

a placement detection unit for determining whether 
said test pattern output is placed substantially according to 
5 said predetermined orientation with respect to said image- 
scanning surface based upon said orientation mark and for 
determining whether said orientation mark is placed 
substantially close to a predetermined location on said 
image -scanning surface; 

10 an output analysis unit connected to scanner for 

determining whether said scanned signal is within a 
predetermined range; and 

an error indicator connected to said placement 
detection unit and said output analysis unit for displaying a 

15 corresponding warning message, 

' 37. ' A system for automatically color balancing a 

color image output df an images duplicating device > the color 
image output 1 beitrtj generated byi colorants; each respectively 
rendering a 'jiriedetertnined primary color, at least a first 
20 'colorant being placed ^over . a second colorant on an : , image - 
carrying med£um, reacfr of the primary colorants being a 
mixture of the colorants, comprising:; 
: "an- off color balance detection unit for automatically 

i detecting an off color balance status and for activating a 
25 color balancing mode; -x-i ;> - 

^ a test i>at tern generating unit .connected Jto said off 
color balance detection unit for generating ,a predetermined 
^ test pattert output on the images carrying medium; 

a first scanner fori scanning said predetermined test 
3 0 pattern output on the image -carrying medium inside the image- 
duplicating device prior to dispensing the image -carrying 
medium," said first scarmer. generating a, scanned t test pattern 
signal) and -J- * r*-' - \ ■** * v 

' -a* color balancing unit connected to said first scanner 
3 5 for performing a color balancing; procession the colorants 
based upon said scanned test pattern signal. 
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38. The system for automatically color balancing a 
color image output of an image -duplicating device according 
to claim 37 wherein said off color balance detection unit 
further includes a counter for counting a number of the color 

5 image outputs after said off color balance status is 

detected; and a comparator connected to said counter for 
comparing said number to a predetermined number to determine 
an off color balance status. 

t t ; .... 

39. The system for automatically color balancing a 
10 color image output of an image-duplicating device according 

to claim 37 further comprising a disabling unit connected to 
said off color balance detection unit for disabling a normal 
duplicating operation of the image-duplicating device. 

40. The system for automatically color balancing a 
15 color image output* of an image-duplicating device according 

to claim 37 whereiri said color balancing unit further 
comprises: 

a standard gray scale value approximating unit for 
approximating a standard gray scale value for one of the 

20 colorants based upon a predetermined inverse function at a 
specified intensity, said one of the colorants being defined 
as a standard primary colorant; 

a masking value determining unit for determining a 
masking factor of said standard colorant for each of said 

25 other colorants, said masking factor indicating an amount of 
masking by said standard colorant which effects said other 
colorants located beneath said standard colorant in the color 
image output on the image -carrying medium; and 

a correction factor determining unit for determining a 

30 gray scale correction factor for each of said other colorants 
based upon said masking factor and said approximated gray 
scale value for color balancing said other primary colorants, 
said gray scale correction factor indicating an amount for 
adjusting each of said other colorants so as to converge on 
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said standard gray scale value whereby the color image output 
is color balanced at said specified value. 

41. The system for automatically color balancing a 
5 color image output of am image-duplicating device according 
to claim 37 further comprising: 

an output analysis unit connected to said first 
scanner for determining whether said scanned test pattern 
output signal is substantially within a predetermined range ; 
10 and 

an error indicator connected to said output analysis 
unit for displaying a warning message. 

42.. The r system for automatically color balancing a 
color image output of an image-duplicating device according 
15 to claim 37 wherein said first scanner also scans an original 
color image input for generating the color image output 
during a normal image duplicating process of the image - 
duplicating device. 
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43. The system for automatically colour 
balancing a colour image output of an image-duplicating 
device according to claim 42, further comprising a test 
pattern transferring unit for transferring said test 

5 pattern output towards said first scanner* 

44 . The system for automatically colour 
balancing a colour image output of an image-duplicating 
device according to claim 37 /.further comprising a second 
scanner for scanning an original colour image input for 

10 generating the colour image output during a normal image 
duplicating process of the image-duplicating device. 

45. A method of colour balancing -a colour image 
output on an image -carrying medium, the method being 
substantially as hereinbefore described with reference to 

15 and as illustrated in tnc accompanying drawings. 

^ ; 46.'- A system for colour balancing a colour 
image output on an image -carrying medium/ the system being 
constructed and arranged to operate substantially as 
hereinbefore described with reference to and as 
20 illustrated in the accompanying drawings . i n 



Amendments to the claims have been filed as follows 

1. A method of color balancing a color image output 
on an image -carrying medium, the color image output being 
generated by colorants each respectively rendering a 

5 predetermined primary color, at least a first colorant being 
placed over a second colorant on the image.- carrying medium, 
each of the colorants being a mixture of the colorants, 
comprising the steps of: 

a) approximating a standard gray scale value for one 

10 of the colorants based upon a predetermined inverse* function 
at a specified intensity, said one of the colorants being 
defined as a standard colorant;: 

v b) determining a masking factor of said standard 
colorant for. each of other , colorants, jsaid masking factor 

15 indicating an amount of masking by t said standard^ cqlqrant^ 
which affects said other colorants located beneath said 
standard colorant 'in the • jcplox -image, output, v on the image - 
carrying medium ,v arid lyv- . ■ ; x i - 

c) ^determining -a gray scale, .correction faqtor. for each 

2 0 of said other colorants based upon said corresponding masking 
factor and said .approximaLted^ gray i scale value, said gray 
scale correction factor indicating an amount for adjusting 
each of said other colorants so as to converge on said 
standard gray scale value whereby the color image output is 

25 color balanced at said specified value. 

2. The method of color balancing a color image output 
on an image -carrying medium according to claim 1 wherein said 
colorants include cyan rendering material, magenta rendering 
material, yellow rendering material and black rendering 

30 material. 



3 . The method of color balancing a color image output 
on an image -carrying medium according to claim 2 wherein said 
standard colorant is said cyan rendering material. 



4 . The method of color balancing a color image output 
on an image -carrying medium according to claim 3 wherein said 
colorants are ink. 

5- The method of color balancing a color image output 
5 on an image -carrying medium according to claim 3 wherein said 
colorants are toner* 

• ■ -i i .- • ■ * - - 

6. The method of color balancing a color image output 
on ah image -carrying medium according to claim 1 wherein said 
step a) further comprises additional steps of: 
10 i) selecting one of the colorants; 

ii) specifying an intensity value for r output ting said 
selected colorant onto the image -carrying medium; and 

iii) measuring a color composition of said output ted 
colorant at, said intensity value. , 

15. 7. The method, of color balancing a color image output 

■on an image- carrying; medium , according to claim 6 wherein said 
steps i) through iii) are .repeated for a ra^nge of intensity 
values and each of said colorants. 

. yS.. Thet method of color balancing, a. color image output 
20 on an image -carrying medium according %q claim 6 wherein said 
measured color composition is stored in a matrix form. 

9. A method of manually color balancing a color image 
output of an image-duplicating device,, the colox^ image output 
being generated by colorants .each respectively rendering a 

25 predetermined color, at least, a first colorant being placed 
over a second colorant on : an s image -carrying medium, each of 
the colorants being, a mixture of the colorants, comprising 
the, steps of: ■ 

a) selecting a color balancing mod^ tP cause the 

30 image-duplicating devicev to , generate pn the image -carrying 
medium- a predetermined test : .pattern output which includes an 



orientation mark for indicating a predetermined orientation 
of said predetermined test pattern output; 

b) placing said predetermined test pattern output on a 
predetermined image scanning surface according to said 

5 orientation mark; and 

c) activating an automatic color balancing process, 
wherein said automatic color balancing process color balances 
the colorants on the image -carrying medium. 

10. The method of manually color balancing a color 
10 image output of an image -duplicating device according to 

claim 9 further comprises an additional- step dj prior to said 
step a) i said step d) indicating an off color balance status. 

11. The method of manually color balancing a color 
image output of an image -duplicating device according to 

15 claim 10 wherein' said stfep *&) additionally includes a step e) 
of providing information dfr-^-oblor balancing procedure of 
the image -duplicating r • ' ^ 3 : J 

12. The method of manually color balancing a color 
image output of an iniage-cluplicating device according to 

20 claim 11 wherein saiid step e) shuts off the image-duplicating 
device when said color balancing procedure is not 1 performed. 

' 13 1 Th4 metlibd 6f 4 manually color balancing a color 
image butpiit : of ail "fmag^ J duplicatirig device according to 
claim 9 wherein : -' saiid automatic color balancing process 

25 further includes <? fctie f ollowing stej>s of : / - 

! i) a^proxim^ting x a :: 3tahdard gray scale value for one 
of the cblof ants based upon a predetermined inverse • function 
at a specified intensity, said one of the colorants being 
defined as a standard 1 <rblofaht : ; 

3 0 ■ ii ) tie terminih^^a; 'masking factor of ' said standard • 

colorant '*f or' each of other fcdlbrkiits, said masking factor 
indicating an amount of masking by said standard colorant 
which affects said other colorants located beneath said 



standard colorant in the color image output on the image - 
carrying medium; and 

* iii) determining a gray scale correction factor for 
each of said other colorants based upon said corresponding 
5 masking factor and said approximated gray scale value, said 
gray scale correction factor indicating an amount for 
adjusting each of said other colorants so as to converge on 
said standard gray scale value whereby the color image output 
is color balanced at said specified value. 

10 

14. The method of manually color balancing a color 
image output of an image -duplicating device according to 
claim 9 wherein said step b) further comprising the following 
steps of : 

15 f) scanning said test pattern output; 

g) determining whether said test pattern output is 
placed substantially at said predetermined orientation with 
respect to said image -scanning surface based upon said 
orientation mark; 
20 h) determining whether' said orientation mark is placed 

substantially close to a* predetermined location on said 
image -scanning surface; 

i) determining whether said test pattern output 
substantially conforms "with a predetermined range of output 
25 values; and 

j ) displaying a corresponding warning message based 
upon said steps g) , h) and i) . 

15. The method of manually coior balancing a color 
image output of an image -duplicating device according to 

'30 claim 14 further comprising a step k) of repositioning said 
test pattern output .to correct inaccurate placement of the 
image -carrying medium oh said image -scanning surf ace based 
upon said steps g) and h) . 

16. A method of automatically color balancing a color 
35 image output of an image -duplicating device, the color output 
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being generated by colorants each respectively rendering a 
predetermined primary color, at least a first colorant being 
placed over a second colorant on an image -carrying medium, 
each of the colorants being a mixture of the colorants, 
5 comprising the steps of: 

a) automatically activating a color balancing mode to 
cause the image -duplicating device to generate a 
predetermined test pattern output on the image -carrying 
medium; 

10 b) scanning said predetermined test pattern output on 

the image -carrying medium inside the image -duplicating device 
prior to dispensing the image -carrying medium, said step b) 
generating a scanned test pattern signal; and 

c) performing a color balancing process on the 
15 colorants based upon said scanned test pattern signal . 
;y 

~ 17. " The method of automatically color balancing a 
color image output of an image -duplicating device, according 
to claim 16 further comprising an additional step d) prior to 
said step a) , said step ? d) detecting an of f color balance 
20 status. ' \ " * _ . 

18. The method of automatically color balancing a 
color image output of an image-duplicating device according ' 
to claim 17 further comprising additional steps d) and e) 
prior to said step a), said step d) counting a number of the 

25 color image outputs, said step e) comparing said number to a 
predetermined number so as to determine if said step a) is 
" performed. ~ \_ 

19. The method of automatically color balancing a 
color imaige output of an image -duplicating device according 

30 to claim 16 wherein said step c) additionally includes a step 
f) of indicating that said color balancing process is 
currently being performed. 



20- The method of automatically color balancing a 
color image output of an image-duplicating device according 
to claim 19 wherein 1 said step f) disables a normal 
duplicating operation of the image-duplicating device during 
5 said color balancing process. 

21. The method of automatically color balancing a 
; color image output of an image -duplicating device according 
to claim 16 wherein said color balancing process further 
includes the following steps of: 

10 i) approximating a standard gray scale rvalue for one 

of the colorants based upon a predetermined inverse function 
at a specified intensity, said one of the colorants being 
defined as a standard colorant; 

- 1 ■" ii) determining a masking factor of said standard 

15 colorant for each of other colorants, said masking factor 
-indicating ah : amount of masking; by said standard colorant 
which affects said other colorants located beneath said 
standard colorant in the color image output- on the . image- 
carrying mediurfi; arid " - : . . . , ^ . 

20 1 iii) determining a gray scale 'correction factor, for: 

each of 'said other colorants' based upon said ^corresponding 
masking factor and said "approximated gray . scale .value, said 
gray scale correction factor indicating an amount for 
adjusting each of -said other colorants so as". to converge on 

25 said standard gray scale value whereby the color image output 
is color balanced at said specified value. -rr 

'22. The method of automatically color balancing a 
w color images output of an - image-- duplicating device according 
to claim 16 wherein said step "b) further comprising the 
30 following 1 steps of : 

g) determining whether said test' pattern output 
substantially conforms with a predetermined range of output 
values; and . . .. 

h) displaying a corresponding warning message based 
3 5 upon -said step g) . ' - "*•-- 



23. The method of automatically color balancing a 
color image output of an image ^duplicating device according 
to claim 16 wherein said step b) further comprises an 

5 additional step i) of positioning said test pattern output at 
a predetermined scanning path at a predetermined orientation, 

24 . A system for color balancing a color image output 
on an image -carrying medium, the color image output being 
generated by colorants each respectively rendering a 

10 predetermined primary color, at least a first colorant being 
placed over a second colorant on the image -carrying medium, 
each of the colorants being a mixture of the colorants > 
comprising: \ \- 

a standard gray scale value approximating unit for 
15 approximating a standard .gray scale value fori one of the 
colorants based upon -a. predetermined inverse function at a 
specif iedv intensity, said ictne o f f the (colorants being/ def ined 
as a standard primary rcolor&nt ; ■■ \;\ m - v f f ^ i 

a masking value determining unit for} : determining , a 
20^ masking factor jof said standard e©lo?rant .for each of said , 
.'' other colorants, .said, -masking factor indicating an ^amount of 
: masking by said standard colorant which affects said other 
colorants, located ;beneath said .standard colorant in the color 
image output on the image- carxying medium; .and 
25 \ a .correction factor determining unit for determining a 
gray scale correction factor for each of said other colorants 
based upon said masking factor and said approximated gray 
r. scale value for color balancing, said -other primary colorants, 
\, said gray ; scale correct ion. rf actor indicating an amount for 
30 adjusting each ;of said mother colorants so -.as to- .converge on 
said standard gray scale value whereby the color* image* output 
is color, balanced at said specif ied ; value . .■ 

25. The system for color balancing a color image 
output on an image -carrying-, medium according to claim 24 

35 wherein said colorants include cyan rendering material, 



magenta rendering material, yellow rendering material and 
black rendering material. 

26 . The system for color balancing a color image 
output on an image -carrying medium according to claim 25 
wherein said standard primary colorant is said cyan rendering 
material . 

27. The system for color balancing a color image 
output on an image -carrying medium according to claim 26 
wherein said primary Colorants are ink. 

28. The system for color balancing a color image 
output on an image -carrying medium according to claim 26 
whereiii said primary colorants are toner. 

29. The system for color balancing a color image 
output on an image -carryirig inedium according to claim 24 

15 wherein said standard gray scale Vklue approximating unit 
performs the following steps of: 

i) selecting oiie of iihe colorants; h 

ii) specifying an intensity value indicative of an 
amount' of said selected' cbiorarit to be outputted onto the 

6 image -carrying medium; and" 

iii) measuring a color composition of said outputted 
colorant at said intensity. 

30. The system for cdlor balancing a color image 
output oh an image-6arrying medium according to claim 29 

5 wherein said a standard gray scale value" approximating unit 
repeats said steps i) through' iii) for a range of intensity 
vailues and each of said colorants. 

31. The system for color balancing a color image 
output on an image -carrying medium according to claim 29 

0 wlierein said standard gray scale value approximating unit 
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stores information on said measured color composition in a 
matrix form* 

32. A sysjtem for manually color balancing a color 
image output of an image-duplicating device, the color image 
5 output being generated by colorants each respectively 

rendering a predetermined primary color, at least a first 
colorant being placed over a second primary colorant on an 
image -carrying medium, each of the colorants being a mixture 
of the colorants, comprising: 
10 a manual mode switch for selecting a color balancing 

mode ; 

a test pattern generating unit connected to said mode 
switch for generating on . the image -carrying medium a 
predetermined test t pattern output which includes an 
15 orientation mark for indicating a predetermined orientation; 
an image scanning, surf ace for scanning said 
predetermined test pattern, output, according to said 
predetermined orientation as indicated by said orientation 
mark; t ^. ^ ^ h , : „ -.. 

20 a color balance activation switch for activating an 

, r automatic cplor^ balancing process ; and 

^ a color balancing unit connected to said color balance 
activation switch for color balancing the colorants on c the 
image -carrying medium. 

25 33. The system for manually color balancing a color 

image output of an image-duplicating device .according to 
claim 32 further comprises, an . off color balance detecting 
unit for detecting an off color balance status, and an off 
color balance indicator connected to said off color balance 

3 0 detecting unit for displaying said off color baljance status. 

34. ?> The system r for manually color balancing a color 
. image, output of an .image -duplicating device according to 
claim, 33 wherein said off color balance detecting, unit 
further includes a counter connected to said off color 



balance detecting unit for counting a number of color image 
outputs duplicated by the image-duplicating device after said 
off color balance status is detected; and a shut off unit 
connected to said counter and said color balance activation 
switch for shutting off the image -duplicating device when 
said predetermined number of the color image outputs is 
duplicated. 

35. The system for manually color balancing a color 
image output of aii image -duplicating device according to 
10 claim 32 wherein said color balancing unit further comprises: 
a standard gray scale value approximating unit for 
approximating a standard gray scale value for one of the 
colorants based upon a predetermined inverse function at a 
specified intensity, said one of the colorants being defined 
15 as a standard primary colorant; 

a masking value determining unit for determining a 
masking factor of said standard colorant for each of said 
otheir colorants , said masking factor indicating an amount of 
masking by said' standard cblof ant which affects said other 
20* colorants located beneath said standard colorant in the color 
image output on the image -carrying medium; and 

a correction factbr determining unit for determining a 
gray scale correction factor for each of said other colorants 
based upon said masking factor and said approximated gray 
25 scale value for color balancing said bther primary colorants, 
said gray scale correction factbr indicating an amount for 
adjusting each of said other colorants so as to converge on ' 
said standard gray scale value whereby the color image output 
is color balanced at said specified value. 

30'' 36. The system for manually color balancing a color 

image output of aii image -duplicating device according to 
claim 35 wherein said color balancing unit further comprises : 

a scanner having ari' image -scanning "surface for 
scanning said test pattern output which is manually placed on 
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said image -scanning .surf ace, said scanner generating a 

scanned signal; 

a placement detection unit for determining whether 

said test, pattern output is placed substantially according to 
5 said predetermined orientation with respect to said image - 

scanning surface based upon said orientation mark and for 

determining whether said orientation mark is placed 

substantially close to a predetermined location on said 

image -scanning surface; 
10 an output analysis unit connected to scanner for 

determining whether said scanned signal is within a 

predetermined range; and 

an error indicator connected to said placement 

detection unit and said output analysis unit for displaying a 
15 corresponding warning message. 

37. A/system for automatically color balancing a 
cc ^ or i™ 3 ^. output of ( an image- duplicating device, the color 
image output beting generated by colorants, each respectively 
rendering : a^ predetermined primary color, at least a first 
20 colorant being placed over a. second colorant on an. image - 
carrying medium, each of the primary colorants, being a 
mixture of the colorants, comprising:. 

; an off colpr balance detection unit for automatically 
detecting an off color balance status and for t activating a 
25 color balancing mode; . . , 

a test pattern generating unit connected to said off 
. color balance detect ipn unit for generating a„ predetermined 
test pattern output on the image-carrying, medium;, 

a first scanner for scanning said predetermined test 
30 pattern output on the image -carrying medium inside the image- 
duplicating device prior to dispensing the image -carrying 
medium, said first scanner .generating a scanned test pattern 
signal ; and 

a color balancing unit connected r to said first scanner 
35 for performing^ a color balancing process on the colorants 
based upon saidL scanned test pattern signal. 



38. The system for automatically color balancing a 
color image output of an image-duplicating device according 
to claim 37 wherein said off color balance detection unit 
further includes a counter for counting a number of the color 

5 image outputs after said off color balance status is 

detected; and a comparator connected to said counter for 
comparing said number to a predetermined number to determine 
an off color balance status. 

39. The system for automatically color balancing a 
10 color image output of an image -duplicating device according 

to claim 37 further comprising a disabling unit connected to 
said off color balance detection unit for disabling a normal 
duplicating operation of the image -duplicating device. 

40. The system for automatically color balancing a 
15 color image output of an image -duplicating device according 

to claim 37 wherein said color balancing unit further 
comprises: J 

a standard gray scale value approximating unit for 
approximating a standard gray scale value for one of the 

2 0 colorants based upon a predetermined inverse function at a 
specified intensity, said one of the colorants being defined 
as a standard primary colorant; 

a masking value determining unit for determining a 
masking factor of said standard colorant for each of said 

25 other colorants, said masking factor indicating an amount of 
masking by said standard colorant which affects said other 
colorants located beneath said standard colorant in the color 
image output on the image -carrying medium; and 

a correction factor determining unit for determining a 

30 gray scale correction factor for each of said other colorants 
based upon said masking factor and said approximated gray 
scale value for color balancing said other primary colorants, 
said gray scale correction factor indicating an amount for 
adjusting each of said other colorants so as to converge on 



said standard gray scale value whereby the color image output 
is color balanced at said specified value. 

41. The system for automatically color balancing a 

5 color image output of an image-duplicating device according 
to claim 37 further comprising: 

an output analysis unit connected to said first 
scanner for determining whether said scanned test pattern 
output signal is substantially within a predetermined range; 
10 and 

an error indicator connected to said output analysis 
unit for displaying a warning message. 

42, The system for automatically color balancing a 
color image output of an image-duplicating device according 

15 to claim 37 wherein said first scanner also scans an original 
color image input for generating the color image output 
during a normal image duplicating probess of the image- 
duplicating device. 
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43 * The system for automatically colour 
balancing a colour image output of an image-duplicating 
device according to claim 42, further comprising a test 
pattern transferring unit for transferring said test 
5 pattern output towards said first scanner* 

44. The system for automatically colour 
balancing a colour image output of an image-duplicating 
device according to claim 21, further comprising a second 
scanner for scanning an original colour image input for 

10 generating the colour image output during a normal image 
duplicating process of the image-duplicating device. 

45. A method of colour balancing a colour image 
output on an image -carrying medium, the method being 
substantially as hereinbefore described with reference to 

15 and as illustrated in the accompanying drawings . 

46. A system for colour balancing a colour' 
image output on an image -carrying medium, the system being 
constructed and arranged to operate substantially as 
hereinbefore described with reference to and as 

20 illustrated in the accompanying drawings. 
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